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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND ITS MANUFACTURE 



(5 7) Abstract: 

PURPOSE: To reduce the number of manufacturing steps of a 
title device of SRAM type having vertical npn bipolar 
transistors, vertical pnp bipolar transistors, CMOS circuits, 
and n-type semiconductor regions constituting a specified 
semiconductor integrated circuit element on the same 
semiconductor substrate. 

CONSTITUTION: This is a method for manufacturing an 
SRAM having vertical pnp bipolar transistors Ql, p-channel 
MOS transistors Q2, n-channel MOS transistors Q3, and 
SRAM memory cells 1, and vertical pnp bipolar transistors Q4 
on the same semiconductor substrate. When an element 
isolation n-type semiconductor layer 25nl in the lower layer of 
an SRAM memory cell 1 is formed, an element isolation n- 
type semiconductor layer 25nn in the lower layer of a vertical 
pnp bipolar transistor Q4. 
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(54) imin&m *mw»m&wfflLi3±v*<»w&3& 



(57) i&m 

[iW] «inpn/H*-7f7>yX^i. iff 
pnp;H*-7h7>yX^t, CMOSIelS&.J:. fiff 

HJJj«] ffc^p n pA*-ftf-7 H7>-^X^Qi . p 
ft^MOSh7>yX3'Q2 , nft^MOSh 
7>-/7^Q 3 . S RAM<D^^EU-fe;H *3«t^fi£^p 
n p aw #-7 h7>yX^Q 4 &B-¥##aSS±i: 
ftSSRAMWSiiMta&oT. SRAMCD^t'J 
-tfrl<DTm\zlsifZ>m : ¥-ftMm<DnB¥m#-m2 5 n 
1 Wpnp/H^-7h7>-^^ 
Q 4 ©Tl(Cfc(j-^^^7>Btffl©n^#«^@2 5 n 2 




1 

[&ffFfM?©«BJ] 

ttMBSlJ iinpn;W#-7h7>yX^i:. 
IBpnpA , -f#-7h7>yX^t. n^-v^Jl/MO 

cmos 01st. mfea^mi&mmRXttm 

£©¥4rajfM@$*?-&;Nlj£?& n^¥#ft:Mtt^T 
■ Cp»¥«#**SR«t4t<!:t)l:. *Op»fl* 

{«ll»lHltt««C4si»T, ttE«»pnpA'f#-?h 
5>5?**©TJBK:. tm*^7}«ffl©n»¥#*MR« 

&r wfc c t. £ t -r & ^mtemmm&mm. 

CD^ffltC, *^£»ffl©nHM|&##««£»tt;fc::£* 
»«tT*l»*3B 1 Ett©¥##*«lH]i8SM,, 

[§t*Jg3] KrtEBfSO^SMIclfcWlHlttSR^SRA 
MO * * 'J ir^T-fe -5 C t 3 ft *B 1 £ fc tt 

2 CttO^WftfttftlBlB&B. 

^©TJBK*»***^#*^©n»¥##ffi*.!:. KrflE 

7>HUB© n t SW^C^filE-r* CtSftft 

[3£iH©ffMn&»il8] 
[0 0 0 1] 

<fctf-€-©SBfiafi5tcWU SRAM (Static Ran 

dom Access Memory) ©v*^ U HDUiJcfctfA-f xp— 5 h 5 

flU3 J; OS ifiTJ & KiaWi b T#3S&S«5.K: H-r a fe 
©T&-5. 
[0 0 0 2] 

[fi£*©J$fl5] ft*, «B»pnpyH#-5h7>-?X 
fle3£*±fc#U f©IS±HMOSh7>yX^^S 

S#fi«£fflV>TV>&. 

[0 0 0 3] ^»^S«t;t3^T. tK&pn 

p/H^-^h^^yX^CMW:, SH^#Itt<h L 
T n ^XJI/fc^fiTTS <fc 5 tC LTV»fc. 

[0 0 0 4] — 75, m.Bn p n/\*-f#— 7 h7/vX^ 
33<fct*CMOS (Complimentary M0S)E]S&75*£>££-5 B i 
CMOS (Bipolar CMOS) SRAMC^tUt 

[0 0 0 5] COift. #»&g}£f;:*5V>T, ^'J-fe 
)WE*Jj5cfR*£!::, p^x;P*^f *ti:t>»C, ^©p£ 



(2) ftSf 5- 2 5 1 6 5 3 

2 

i^fCLTV^c 
[0 0 0 6] ft*. B i CMOSHSSiJiOtSRAM© 

SSK^V^Ttt. 0fl;L&#8MllS6 3- 3 0 5 5 4 5#4i 
aicEi^J&0, SRAMC^t'JtJKDTlOp^X 

[0 0 0 7] 

[0008] ht, tfr 

IEB i CMOS[U¥SfcJ;Z>*SRAMC0y. ; &U-fe;i/€:^r-r 
**HW*:3S«±K. lfpnp/H#-7h7>-yXi' 

[0 0 0 9] ^-©ftll5©*§-&> Jv^-Tv? 

■«>1J--:5>***©*ttfi©fc», *»pnpyw#-5h 

[ooio] *^^«±iapffl{c#aLT^^nfct>co 

^©SWte. ift^n p n/H*-5 h7>-yX 
fifpnp/HJU-^h^^yXi't. CMOS 
ES&i:, Bf£©¥SMM»iai&*?£*J«TSn»¥3* 

[0 0 11] *»WoaWE!&6^lc-tOte©BWitta 
ffllffl»©e&*J:tfJBttBI®J&» 6 «S 

[0 0 12] 

[0 0 13] -TUt)*. i^lKO^d J«n 
pnW#-7h7>yX^<!:, (BfSpnpM#-7 
40 h7>y^t, nftWMOS r- 7 >:xX^:fccktf 
pftWMOS h7>yX^A^&SCMOSiiS 

«£S¥##S«±fc*rU tfre3r£©¥«#£fR@B 
^SKIfiJE-r* n#¥#<MHtt©TJiK: P 

Bftffl © n &¥*<ttim&ftt?fc¥ilM&8(iaBgn£& 
VJT, iflEfflEf p n p/H#-7 h7>y7^0TI 
fc. l»E*^IIIffl©n®#W*:««*ik»tfc2|i»#JII 

so [0014] m&m4mm<D¥£w\t. vm*m#mm® 



3 

n l»EK»pnp;H#-7h7>y 
X * ct)T« \z 45 » £ * : F <© n ?g¥ Wfrffitt <h £ ft 

[0 0 15] 

[0016] ±Eu/tai*3a4ia««)K«Ccfcn«, Bf 

B K 43 » £ SH^IIM <© n S jafc T * IB 

SS^iMIM <D n ^¥#f£Jl * 13 m iCJBdrr £ C i \Z J: 

[0 0 17] 

»8I«B»«fBH, B2BH1 <0¥#*£*[a»S« 

[0 0 18] *|gj?S^JcO^«#:»W[H]gSSB^, 
2 tC^To 

[0 0 19] ^ffiftCSRAMO/tUtjHH 2 
*©f-^iDL, DLt, ^ntrMLT^M-T^) 2* 30 

[0 0 2 0] ClO^tUtiHtt «S*«j$-r-5 7U 
y^ny^iKFFt* 7'Jy^7Dy^»FFO 

WMOSh7>yX^Q tt Q t ttW^nx^^o 

[0 0 2 1] 7U ^y^D^ytDgSFF^, ^JA«2<1 
<OBliOnft*MOSh7>y^Q d , Qd 
^J^.«2f@CO^#fflCDp^^^;UMOS h7>vWQ 

[0 0 2 2] tflfffl0pft*MOS h^>> f X^Q 

p ov-xtc^ WifP*»Vcc39«J*ttsnT^*. * 

[0 0 2 3] »ff«iRVcc43ckt;a2p*«Vss»4* 
M«©S RAM*»f^S^S©tCi^B?S:«EES:tt)»"rs 

[0 0 2 4] &*5, ^^Uir;H(c^, W^tfltfyh 



#H§¥5 - 2 5 1 6 5 3 

[0025] "A\z, ^mmm<Ds ram<db8iwbei& 

HlJC^-r. 2 tt, 0!l*.tfp- »y'j3> 

(s i) jmsii*>s&d* -t<oiH±tctt. xt?^^> 

[0 0 2 6] Xhr^=*r>"WI/JB3W\ M^tr\- MS i 
#«Sft^6ttD, *<D^®_LK:tt, M*.«z«ft^r>r* 
(Si0 2 ) ^^^§7^"-^H$6»i4 a -4 1 A* 

[0 0 2 7] ^#^SS2ch> Xfcf^^>WI/Jf3£:£> 

n 4 *3±«a»a*li5 pi -5p 3 ^Msnt^ 
H<s6ii^g5ni -5n 4 #J*fcfn»^*e*j 

[0 0 2 8] m^^ms Pi ~5 p 3 Ktt, #J 

[0 0 2 9] X.¥t?Jfi/^)l<m3 \Z&\**T* nM<DM#> 
&^IS5ni ±\Z\t, «AHn^x;P6ni jWEMcSft 
Tt^, n^x;P6ni KWu #J*fri n^jffittT** 

[0 0 3 0] n9x*6ni tC&l^T, y 
14 a, 4 c fcB^nfcfflttfctt, K*npn/H#- 
^h^>> f X^Qi «$nt^§o WnpnAW 

-Xi«8b! <fc, nWl/6ni il&>iA^Jf 5 n 

i Z2u^^n\mvm^.9 Cl t^^M^tit^ 

[0 0 3 1] I5y?««7ei fete. #J^te*nJ£PnS& 
ftT*5U^*ASnt*D, X5y?t«10ei 
t&fMR 1 1 a, lib K39flFLSn&»tt?L 1 2 a * 
il^T^MtC^^nTl^o X5y?tSl0ei 

[0 0 3 2] ^-X«tt8 bi fete, «I^L«p^*E4fe 
T»5*!)*a«#ASnT6D, ^tUOb 

i mmmi ia-n dizmiznrcmmii 2 b 

[0 0 3 3] ni/^^?iaLffl«E9 c ! tCte, #J*_tfn 

0 c a «6i^K 1 1 a - 1 1 d tc^JLSnfc&IKJL 1 

[0 0 3 4] X^^^Ill Oej , ^-Xfll 0 b 

1 &<ktf^U??m.Ml 0 ci tt, ^JA«7i^-OA 
(A 1 ) -S i ~m (Cu) 

[0 0 3 5] xe^^-WWBSKliS^T, 
M|5n 2 n#x;P6 n 2 **»J«£*ITV> 

£o n^x;i/6n 2 Jctt> ^JA^n^M^TS^U > 
tf#ASnt^5. 

[0 0 3 6] n^7X;i/6n 2 tt^T> :7*f — ;P KHftlft 
14c, 4 dfcH*tlfcffl«{z«, pft^MOSh 



5 

7>yX37Q 2 H M113p, 13 pi, tbSUStl 

[0 0 3 7]Kfil3p, 1 3 pfCte, WAtfpEPF 
*fi*-C»5*^*^WA*tlT43 0, til 5 a, 15 
bj&*. 1 a - 1 1 dfcffJLSnfcSttTLl 2 b 

te, w^o#*»©^tt«3j«#A*nfc#u>'U3>^ 
[0 0 3 8] xe^^^>^;us3t-*5^T, ««> 

MI5pi ±fc«, p^xjP6pi iflBfiLZtlT^ 
&o p^x;U6pi tcte, MZ&Pl&^n<fa*e&2>&V 
*#*#AS*rO>£. 
[0 0 3 9] p^7X;U6pi f-&<^T, ;n*#fi» 

OS h^>S?X*Q 3 te, 4£^H 13n, 1 3 n 16 
ill 1 ai, h«® 1 4 n<fc*>S»J5R£nT^ 

[0 0 4 0] 1 3 n, 13 nClte, #l*.«njg^ 

tt«t*SU >^»A*nT*5 0, IS 1 5 c, 15d 
f&ftlgl la-ll d^^?L$tlfcS^?Ll 2 b£ 

£<, 

[0 0 4 1] Ctie)pft*MOSh7>yx^Q2 
<h, nft*MOSh7>yX^Q 3 i^^CMOS 

[0 0 4 2] Sfc, xtf^^^^;^M3tc^^T, Stf> 

(p 5p 2 _hi;:te, p^xju ( P 

6P2**»«S«W5, p«?XJl/6p 

[0043] p^7x;i/6p 2 t^&^T, 7^— ;n*<6» 

R4f, 4 gKHSft&ffiSEfcte* #Jx_teS RAMO^ 

Qt *tA^Cd:» MfflC0pft*MOSh 

[0 0 4 4] teitfflC0n^-v^;i/MOS h5>yX*Q 
t te, J&ttJI (nM^mftmm 16n 1> 16n 2 
IfegNBl 1 at, y-h«@l 7 ni*>e*jaSftT^ 
£, 

[0 0 4 5] &i&Jl 16m, 1 6 n 2 Kite, #lx.Htn 
1 6 n ! \Z te, 1 8 a 1 la-1 ldl:9 

?L*nfc»tt?Li 2 btauT««wt»«*nTiri 

£ e 1 6n 2 tCte, *WV>*C*«Wrr 

[0 0 4 6] **/V>^C«, ##®il 9 a, 19b 
<fc, ^Offlcr)«&^l 1 bfc<fcoT«l£;£*lT^S. 



(4) 4#B8¥5 - 2 5 1 6 5 3 

6 

Ml9a, 1 9 bte, ffi£©»*»<0^tttta*WAS 

n&# u f> u n 

[0 0 4 7] Mffl^pft^MOS h7>yX^Q 
P te, tt#Kl 9 a<Dy-h«K«2 0t, ftWl 1 
c ##J££l 9 c CO V — ASP 2 1 43«£tf K U-f >«5 2 
2tCctoT«*3nT^*. ##Rl9cfe*U'>'J3 

[0 0 4 8] #|©ffiWc:fe(ATte, pJg<Z>iI«>a*-Jl5 
p 2 ZmtlXolZ, n»<OJfi*ii^B5 n 3 **EB£ 

/<? n, ^oJig>&^ji 5 n 3 ±, ~t&;b*>, p^x;i/6p 

2 <DmW\Z, *^»B<Dn»*»#«W2 3ni **» 

[0 0 4 9] nfiM£»#«tt2 3ni t-te, ^JA«n^ 
5F*E«-Cf*SU>3W»ASnT*0, t!24m ifi. 

rnrnm 1 1 a - 1 1 d izmiznt^&mii 1 2 b SID 

[0 0 5 0] *HJg^J^4o^Tte, p#x;U6p 

«) 25m *«SftTtiS. *T&:b*>, *H*fiW^ 
^ *3^Tte* / ; EiJtJH*«n^»#««2 3ni , M 
a&a*H5 n 3 43<t^n?g#»#:JH2 5 ni Ki<fcoTffi 
OBStXT^So Z<Dtc&, #jg*E#l<Z>S R AMO^^e 
Ut;HTH t'J7l:<k5y-i > >C*«*f8£ LIB 

[0 0 5 1 ] Sfc. II£^^ytJH3f:^^T 4 

JA^ii5 p 3 ±tcte, p^x;i/6 p 3 ^f^^nt^ 

£ e p^x;U6p 3 fete, #JAte*p?E^M$lT&&*'> 

[0 0 5 2] p £x;P6 p 3 tC&l^T, 7>r— Jl'KiKM* 
30 141, 4 kKH*ftfcflM»Cte. K»pnp/W#- 
7h7>yX^Q 4 si«»«ShT^5 B K»pnp/M 
*-7b7>yX^Q 4 te, I57?««7e 2 <t, ^ 
-Xffi^8 b 2 p#x;i/6 p 3 «56^^5 p 

3 3l/^^?lttHffi«9c 2 i:/)^M$nt^ 

[0 0 5 3] X^ -/^ffi«7 e 2 Kte, flljJLtfpffiPFlffi 
*T*-&*^**^A*tlT43 0, XSy^tSlOe 
2 ffl. mumi la, 11 bK!3?asn&*tt?Ll 2 a 

40 2 te, ffil*.fcf p»^*E*"T?*S*^**«»ASnfc#iJ 
y'J 3 

[0 0 5 4] ^-XISE8 b 2 t-te, ffllA«n»^j|ffi«i 
T**U>***A£ftT:i3D, ^-XtSl 0b 2 

mam iu-iid \zmi^ntzmmn 1 2 b sii; 

[0 0 5 5] a U2^gittiL««9 c 2 t-te, ffil^tf p 

Sl0c 2 ^ 1 1 a- 1 1 d K»7L3tt&»« 

?L1 2 b^iDTtaWC^nxi/^o 
50 [0 0 5 6] ISy^fiS 1 0 e 2 > ^-Xil 1 0 b 



(5) 

7 

2 &&.TSzi\/2 $mmi 0 c 2 tt, fllTLtfA 1 - S i - 

[0 0 5 7] #*«WcJ3^Ttt, PfgcOS 

J6^H5P3 SrHtr.fc'SK:, nB^m^b^^M (nB 
5n 4 *«E«Sn, *coJlae>ii*H5 n 4 

±, -r&fc-e. p^xji/6p 3 ©raffle si^bus© 

n 2 3 n 2 *«»*SftT^5. 

[0 0 5 8] n»*##fi«2 3n 2 fctt* 0!I>L«n7g 

teftlRl 1 a- 1 1 dCM^ntgMl 2 b£«i; 70 

[0 0 5 9] *HJBffiI(3430iTtt, p^x;i/6p 

tt) 2 5n 2 «^ntt^ 0 -r&to-fe, 44gSS«K: 
*5^Ttt. «BpnpW#-7h7>yx^Q 4 fen 
2 3 n 2 , 5 n 4 *3<fctf nflH* 

[0 0 6 0] ZCDTztb. #^JE0y<Z)SRAMtt, 8B#P 
©ffi££ffl»JT#5±, M^MSSTWpnp/H 

[0061] ^fc, ^mmm<DSRAU(Dmmijm^m 

[0 0 6 2] S-T, H3^*Tck3K, ¥#<f£S«2(D 
SESJifC, #i*_fc£S i 0 2 *^JfeS*6»IR/t^— >2 6 

U-t;U»ricffi«M*3<t^«®p n p/H#-7h7>^ 30 

2 5 ni, 2 5 n 2 ZMfcTZ. 

[0 0 6 3] "T^to^, *lgS6W-4B^Tte, ^^EU-fe 
;H (B1#I) ©TlOn»¥»#i2 5ni fK 
JKp n h7>yX^Q 4 (Bl#SB) <£>T 

gcon^¥»*S2 5 n 2 t&W«F^WfiR-T<&. 

[0 0 6 4] tt^T, |ft«^*-->2 6£|»*L& 
H4K:«-rck5^, 2 #JA« 

ni - 5n 4 43«ttf««>&#.]l 5 Pi -5 p 3 SAM'S" 
[0 0 6 5] WftS1S2 0£S±H, XtT^ 

u v^^tXp^ttftTffts^^^s-tri-enBffseffi 

p^x;U6p! -6p 3 £ffi2j£-r£>o 

[0 0 6 6] ^UT, Xfc^*>"Wl'J13(0±ffi±K:, 50 
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aK»{tffi*^J:-3T7-<— ;i/HI|fe«K4 a~4 1 ZB 

cOn^^##:M^2 3 m, 2 3 n 2 «r, «*«-f *>JT 

%&fr&&tf^om<Dmmm\z&^TBj&?&» 

[0 0 6 7] -r&fo-S* ^MWC&^Tte, J^'J-fe 

2 3ni Wpnp/H*-7h7>yX^Q 
4 (H1#I) CHl©* : F»ll«On0*»#i2 3 
n 2 ££HWN;:»riIT*. 

[0 0 6 8] ^T, XtT^=lrv^;i/H3±^, Bf3EO 

«6iMR2 7£CVDffi«fc±oT»JGrr*. 

[0 0 6 9] nft*MOSh7» + X^Q 
t O&ScJf 1 6n 2 »S< ^>frt3iA 

[0 0 7 0] &^T\ mS\Z^^.Z)\Z, *#^S«2 

m&mmis. utiS7*hUy^77^jSffi:J:oT^ 
^-Xy^lt, y-hSI14p, 14n, 17n$ 

[0 0 7 1] hSffi 1 4 p^TX^iiL 

T, Xtf^^^>^;i/g3tC, «Atfp»^ttttT»<5* 

Mil 3p, 13pW« 

[0072] m^&mmz, mwz^vtzmB 

npn/H*-7h7>yX^Qi ®^-Xffl«8bi 

[0 0 7 3] hill 4 n, 17 n^VXi? 

iLT, XkT^*v-WKS3t;:, «|^«n»^*E*"C* 
£U >*^*>ff%i&*U KlttJIl 3 n, 13n, 1 
6 ni, 1 6 n 2 &Bf&~?Z>o zcom, M^iffl^fH, EI 
1 fcjKLfc«JKp n p/\*-f3R— ^ h7>yX^Q 4 
-Xii8 b 2 

[0 0 7 4] g| 6 \ZtxT £ O \Z. mtiflfc 1 9 b 

©«fi©*Kte*«2 7#i85«t5i:, W19(D± 
ffi(0|ft««2 7t»*Ufc», «»npn/H#-5h 
7>yX^Qi (BH#fiB) ^-X«8bi *5j;tf 
S»pnp/H#-7h7>yX?Q 4 ®^-X««8 
b 2 ^^>fI^^f:J:oTWfnMt^o 

[0 0 7 5] &mf, g|7tC^fct^tC, ¥«#&K2 
#fr^JSl 1 b^CVDa^f:J:^TltSWci, 
I^n p n/H*-7 F7>yX^MWB 2 , 
Ut«MM^J;WBpn p/\'-f*-7 h?>^ 

[0 0 7 6] «l^T, ¥W#»«2±K:. #U'>Ua> 
n (H«*r) *CVDft»l:ioTit»Lft», 



9 

ttBi ©X3 «A«p»^tt»T?** 

[0 0 7 7] -5-©jSU y'j3>l£7* HJ V 

1 0 ei, 1 0 e 2 *«fctf##«ll 9 a&»riELfc». ¥ 

i, 1 0e 2 *^Xtr^*->vJUS3C^*fi«lSl£»* 
ZSy^««7 ei, 7 e 2 *#J5rTS. 

[0 0 7 8] H8 fC^f ck^fC. ¥##S1£2 

±C. iill 1 c*CVDS*i:±tjT**l/&ft. 
*fej£Ji£ll 1 c±fcy > K 'J ->Un>BI (HS-fr 
■T) SCVDft<P»:«toT*t«-r*. 

[0 0 7 9] ^>T, U ->U=i>M^^* hU V 

K l/-f >SP2 2 \Z, mtU$v>BTMV}T'$>Z>V >&-f* 

Qp *»jsKfa. 
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